Background
The risk of anal cancer is substantially increased in HIV-infected individuals. Thus, the HIV epidemic may have influenced the increasing anal cancer trends in the United States. We estimated the impact of the HIV epidemic on trends in anal cancer incidence in the United States during 1980-2005.
Methods
Data on anal cancer cases with and without AIDS were obtained from the HIV/AIDS Cancer Match Study. The number of HIV-infected anal cancer cases without AIDS was estimated from the number of anal cancers occurring before diagnosis of AIDS. The proportion of anal cancer cases with HIV infection in the general population was calculated. We estimated temporal trends in the incidence rates of anal cancer in the general population overall and after exclusion of HIV-infected cancer cases by calculating annual percent changes and 95% confidence intervals (CIs) using a Joinpoint log-linear model. All incidence rates were standardized to the 2000 US population by age, sex, and race. on the trends in anal cancer among females (incidence rates increased by 3.3% [95% CI = 3.0 to 3.7%] annually overall, and by 3.3% [95% CI = 2.9 to 3.6%] annually without HIV-infected anal cancer cases) but had a strong impact on the trends in anal cancer among males (incidence rates increased by 3.4% [95% CI = 2.9 to 3.9%] annually overall, and by 1.7% [95% CI = 1.2 to 2.3%] annually without HIV infection).
Results

Conclusion
During 1980-2005, the increasing anal cancer incidence rates in the United States were strongly influenced by the HIV epidemic in males but were independent of HIV infection in females.
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Although anal cancer is rare in the united States, with an estimated 2250 men and 3980 women diagnosed in 2012, anal cancer incidence has increased steadily since as early as 1940 (1, 2) . Between 1975 Between -1984 Between and 1995 Between -2004 , the uS incidence rates increased by 57% in men (from 0.79 to 1.24 per 100 000 person-years) and by 41% in women (from 1.04 to 1.47 per 100 000 person-years) (3) . the rates are consistently higher in women than in men, with the exception of those aged 20-49 years, among whom men have a higher incidence (3, 4) .
An estimated 84% of anal carcinomas are caused by human papillomavirus (hPV), with a large proportion positive for oncogenic hPV types 16 and 18 (5) . the risk factors for anal cancer are primarily related to sexual behaviors, including number of lifetime sex partners, anal intercourse, genital warts, and male homosexual behavior, reflecting hPV acquisition (6) .
It has been proposed that the hIV epidemic has contributed to the rising anal cancer incidence in the united States, given the substantially elevated anal cancer risk among hIV-infected individuals and the growth of the hIV-infected population (1, (7) (8) (9) . the risk of anal cancer, compared with the general population, is elevated 24-fold in hIV-infected women, 32-fold in hIV-infected men, and 52-fold in hIV-infected men who have sex with men (mSm) (10, 11) . Although the rates of Kaposi sarcoma and non-hodgkin lymphoma (two other hIV-associated virus-related malignancies) declined with the introduction of highly active antiretroviral therapy (hAArt) in 1996, the rates of anal cancer among hIV-infected individuals have increased over time (10, 12, 13) .
the contribution of the increasing number of hIV-infected anal cancer cases to the anal cancer rates in the general population has not been previously assessed. Quantifying this contribution would help clarify the epidemiology and etiology of anal cancer. the aim of our study was to estimate the proportion of anal cancer cases with hIV infection in the united States and to assess trends in anal cancer incidence overall, and after exclusion of hIV-infected anal cancer cases.
Methods
Study Population and Ascertainment of Anal Cancer the hIV/AIDS Cancer match (hACm) Study (http://hivmatch.cancer.gov/) links 17 uS population-based hIV/AIDS and cancer registries (Colorado; Connecticut; Florida; Illinois; Georgia; maryland; massachusetts; michigan; New Jersey; texas; California; New york, New york; Los Angeles, San Diego, and San Francisco, California; Seattle, Washington; and Washington, DC) and is funded by the Intramural Program of the National Cancer Institute (14) . A probabilistic linkage algorithm was used to link hIV/AIDS and cancer registries, and only anonymized data are retained by investigators. All registry areas provided data on anal cancers occurring in people who developed AIDS. Additionally, six registries also ascertained anal cancers in hIV-infected individuals without an AIDS diagnosis (ie, hIV-only) for a more limited number of years (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . the hACm Study was approved by institutional review boards at participating registries.
Invasive anal cancers were ascertained through cancer registries participating in the hACm Study. Anal cancers were defined using International Classification of Diseases for oncology, 3rd edition (ICD-o-3), topography codes C210 (anus, not otherwise specified) and C211 (anal canal), and excluding poorly specified cancers, hematologic malignancies, and Kaposi sarcoma (15) . Anal cancers were classified by histology as squamous cell carcinomas (ICD-o-3 codes 8050-8089), adenocarcinomas (ICD-o-3 codes 8140-8309), carcinomas not otherwise specified (ICD-o-3 code 8010), and other histological subtypes.
Statistical Analysis
We estimated the number of anal cancers in hIV-infected people during 1980-2005 as the sum of incident anal cancers in people with AIDS and incident anal cancers in people with hIV-only. Incident anal cancers in people with AIDS were identified by the cancer registries, matched with the AIDS registries, and occurred at or after AIDS diagnosis. to estimate the number of incident anal cancers in people with hIV-only for registries without hIV-only data, we applied weights to (ie, upweighted) prevalent anal cancers in people with AIDS (cancers that matched with hIV/AIDS registries and occurred within 5 years before AIDS diagnosis). this adjustment was necessary because prevalent anal cancers in people with AIDS only included anal cancer cases occurring in hIV-infected individuals who developed AIDS; thus, the number of prevalent cancers in people with AIDS underestimates the number of anal cancers in people with hIV-only.
For this upweighting, we computed weights using the following steps: 1) with data from the six hIV-only registries, we estimated the probability that anal cancer cases with hIV-only developed AIDS in the periods 0-1, 1-2, and 2-5 years after anal cancer diagnosis (93 cancers with 164 person-years of follow-up), and this probability P i (i = 1, 2, and 3 for the three periods 0-1, 1-2, and 2-5 years, respectively) was estimated using competing risk methods, treating death as a competing event (the estimated probabilities of AIDS were P 1 = .495, P 2 = .059, P 3 = .101); 2) we computed the variance (V i ) of the inverse of this probability P i for each time point, using the delta method; 3) we computed standardized weights as W i = 1/P i * [(1/V i )/(1/V 1 + 1/V 2 + 1/V 3 )], and for those registries that did not provide hIV-only data, we then multiplied the prevalent anal cancers occurring 0-1, 1-2, and 2-5 years before AIDS diagnosis, by the corresponding weight W i .
the number of anal cancer cases in the general population, population with AIDS, and population with hIV-only were summed in categories defined by single calendar year , attained age (0-19, 20-49, 50-69 and ≥70 years old), sex, race (white, black, other or unknown), and registry. We previously estimated the sensitivity of the match between hIV/AIDS and cancer registries in the hACm Study to be 81.1% (16) . to correct for imperfect sensitivity, we divided the estimated number of hIV-infected anal cancer cases by 0.811 in each stratum defined by the cross-classification of the above characteristics to estimate the corrected number of hIV-infected anal cancer cases. to estimate the corrected number of hIV-uninfected anal cancer cases, we subtracted the corrected number of hIV-infected anal cancer cases from the total number of anal cancer cases in each stratum.
We estimated the proportion of anal cancer cases in the general population with hIV infection, stratified by sex, age, race, and anal cancer histology. We have focused on presenting proportions from 2001-2005, because this is the most recent time period. We estimated the following general population incidence rates stratified by sex, age, and race: 1) overall, 2) anal cancer cases without AIDS, and 3) anal cancer cases without hIV infection. For males, we also estimated incidence rates without hIV-infected mSm and without all hIV-infected males. Incidence rates were standardized to the 2000 uS population by age, sex, and race (17) and were calculated per 100 000 person-years.
For all proportions and incidence rates, a bootstrap procedure with 500 bootstrap iterations was used to estimate standard errors incorporating variation from all sources, including uncertainty in the weights. In the first step of the bootstrap, we recomputed weights by resampling anal cancers from the prospective hIV data with replacement. In the second step, we used a parametric bootstrap, assuming that counts followed a Poisson distribution, to generate the total number of anal cancer cases and the number of incident and prevalent anal cancer cases with AIDS. We then combined the bootstrapped weights with the new counts and computed incidence rates and proportions for each bootstrap iteration using the same procedures as in the main analysis. We utilized the replicates to estimate 95% confidence intervals based on the quantiles from the bootstrap distribution of the estimates. temporal trends in incidence were estimated in a log-linear model using Joinpoint (version 3.5.1) (18, 19) . Annual percent change was defined as 100 * [exp(β)−1], where β is the slope of the trend provided by Joinpoint (18) . All statistical tests were two-sided, and all remaining analyses were carried out using SAS version 9.3 (SAS, Cary, NC).
to assess the sensitivity of our results to the weighting procedure used to estimate anal cancer cases with hIV-only, we compared trends in anal cancer based on data from the 17 hACm registries (including upweighted anal cancers for people with hIV-only) to trends in anal cancer observed using the more limited data from six registries that had actual counts of hIV-only anal cancer cases.
results
Characteristics of Anal Cancer Cases
During 1980-2005, a total of 20 533 anal cancers occurred in 2.3 billion person-years of follow-up in the general population from the uS regions included in the hACm Study. An estimated 1665 (8.1%) anal cancer cases were hIV-infected, of which 1185 cancer cases had AIDS and 479 cancer cases had hIV-only; 18 868 anal cancer cases did not have hIV infection (table 1) . hIV-uninfected anal cancer cases were older than hIV-infected anal cancer cases (age ≥50 years, 81.0% vs 25.8%) and were predominantly females (64.9%), whereas the vast majority of hIV-infected anal cancer cases were males (94.7%). Although most of the hIV-uninfected and hIV-infected anal cancer cases were whites, a larger proportion of hIV-infected cancer cases were blacks (29.4% hIV-infected vs 9.7% hIV-uninfected). Among the hIV-infected anal cancer cases, 83.5% were mSm. eighty-six percent of anal cancer in hIVinfected individuals and 71.4% of anal cancers in hIV-uninfected individuals were squamous cell carcinomas.
Proportions of Anal Cancer Cases With HIV Infection
We estimated the proportions of anal cancer cases with hIV infection stratified by sex, age group, race, and histology. the proportions increased steadily from [1980] [1981] [1982] [1983] [1984] 
Trends in Incidence Rates of Anal Cancer in the General Population and in HIV-Uninfected Individuals
We estimated the incidence rates of anal cancer and annual percent changes in incidence rates in both males and females during 1980-2005, stratified by sex, age group, and race; the annual percent change corresponds to the slope of the incidence rate curve (Figure 1 and table 3) . During 1980 During -1984 During and 2001 During -2005 , anal cancer incidence rates increased from 0.44 to 0.93 per 100 000 person-years in males and from 0.68 to 1.29 per 100 000 person-years in females. Among males, hIV-infected anal cancer cases strongly influenced the trends in anal cancer in the general population. During 1980-2005, anal cancer incidence rates in males increased by 3.4% (95% CI = 2.9% to 3.9%) annually overall (0.37 to 1.06 per 100 000 person-years), but after exclusion of hIV-infected anal cancer cases, the rates only increased by 1.7% (95% CI = 1.2% to 2.3%) annually (0.37 to 0.77 per 100 000 person-years) (table 3 and Figure 1, A) . Among females, the incidence rates increased by 3.3% (95% CI = 3.0% to 3.7%) annually overall (0.64 to 1.52 per 100 000 person-years), which remained unchanged after exclusion of hIV-infected anal cancer cases, showing an increase of 3.3% (95% CI = 2.9% to 3.6%) annually (0.64 to 1.49 per 100 000 person-years) (table 3 and Figure 1, B) .
Anal cancer incidence was very low among people aged 0-19 years; this age group had no hIV-infected anal cancer cases. however, hIV-infected anal cancer cases strongly influenced trends in anal cancer incidence rates in males aged 20-49 years; incidence rates increased by 5.2% (95% CI = 4.2% to 6.2%) annually overall, but no statistically significant increase was observed after excluding hIV-infected anal cancer cases (annual increase: 0.7% (95% CI = −0.4% to 1.7%) (table 3 and Figure 1, C) . Likewise, among males aged 50-69 years, the increase in the incidence rates declined from 3.1% (95% CI = 2.5% to 3.7%) annually overall to 2.0% (95% CI = 1.3% to 2.7%) annually when the hIV-infected anal cancer cases were excluded. In contrast, trends in anal cancer changed very little among females aged 20-49 years and 50-69 years when hIV-infected anal cancer cases were excluded (table 3 and Figure 1,  D) . Among males and females aged 70 years or older, anal cancer incidence rates increased over time, with only nine hIV-infected anal cancer cases among males and none among females. the rates of anal cancer in the general population were higher among females than males in each 10-year age group 50 years or older (Figure 2, A) . In contrast, rates were similar among females and males aged 40-49 years (1.09 vs 1.07 per 100 000 person-years) and lower in females than males aged 20-29 years (0.03 vs 0.05 per 100 000 person-years) and 30-39 years (0.25 vs 0.41 per 100 000 person-years). After excluding hIV-infected anal cancer cases, rates were the same in females and males aged 20-29 years (0.02 vs 0.02 per 100 000 person-years) and uniformly higher in females than males in older age groups (aged 30-39 years: 0.23 vs 0.17 per 100 000 person-years; aged 40-49 years: 1.08 vs 0.64 per 100 000 person-years) (Figure 2, B) .
We further stratified incidence rates of anal cancer in males by race and mSm status. Among white males, rates increased by 3.4% (95% CI = 2.8% to 3.9%) annually overall and by 2.0% (95% CI = 1.5% to 2.6%) annually after excluding hIV-infected anal cancer cases; among black males, rates increased by 4.3% (95% CI = 3.2% to 5.4%) annually overall but were constant after excluding hIV-infected cases (table 3, and Supplementary Figure 1, A and B, available online) . Also, hIV-infected mSm contributed substantially to the number of male anal cancer cases (Supplementary Figure 1, C, available online) .
Sensitivity Analysis
In a sensitivity analysis, we compared trends in incidence rates of anal cancer based on data from the 17 hACm registries (including upweighted cancers for people with hIV-only) to trends observed using the more limited data from six registries that had actual counts of hIV-only cases. the proportion of anal cancer cases that were hIV-infected and the incidence rates of anal cancer after excluding hIV-infected anal cancer cases were similar (1.9% of female and 28.8% of male anal cancer cases with hIV infection; Supplementary Figure 2 , A-D, available online). Discussion using population-based hIV and cancer registry data from 17 uS areas, we estimated that 28% of males with anal cancer during 2001-2005 were hIV-infected, and that the temporal increase in male anal cancer rates during 1980-2005 was strongly influenced by the contribution of hIV-infected cancer cases. Furthermore, the vast majority of these hIV-infected males were mSm. In contrast, hIV had little impact on trends among uS females, and the rates increased consistently over time in females, even in the absence of hIV-infected cancer cases. Anal cancer is rare in the uS general population but the fourth most common cancer in hIV-infected people, following non-hodgkin lymphoma, Kaposi sarcoma, and lung cancer (9) . In the united States, the number of anal cancers occurring in hIV-infected individuals has increased over time because of the growth and aging of the hIV-infected population (9) . the elevated risk of anal cancer in hIV-infected individuals is partly because of the high prevalence of anal hPV infection (20, 21) . hIV and hPV have a shared mode of transmission through sexual intercourse. mSm represent the largest hIV risk group in the united States, comprising more than half of all people living with hIV infection in 2008 (22) . Furthermore, among hIV-infected individuals, low CD4 cell counts are associated with increased risk of anal cancer (13, 23) . thus, hIV-associated immunosuppression may contribute directly to development of anal cancer by impairing cell-mediated immune control of hPV (24) . though hAArt partially restores immune function, hIV therapy does not lead to the regression of anal cancer precursor lesions (25) , and anal cancer incidence has increased in the hAArt era (10, 12) . In this context, we note that not all anal cancers in hIV-infected people would be directly attributable to hIV infection. For example, as mSm are at increased risk of anal cancer, and most hIV-infected anal cancer cases occurred among mSm, we cannot say that hIV-infected anal cancer cases would not have occurred in the absence of hIV infection. however, hIV-infected mSm have a higher prevalence of abnormal anal cytology, and a 10-fold increased risk of anal squamous cell carcinoma, compared with hIV-uninfected mSm (26) (27) (28) . thus, it is likely that a fraction of anal cancers in hIV-infected mSm (and hIV-infected people overall) are caused by coinfection with hIV and hPV.
Notably, the contribution of hIV-infected anal cancer cases to general population estimates of anal cancer was essentially limited to males, and in the absence of hIV-infected cases, anal cancer incidence was uniformly higher across age groups among females than males. the small proportion of hIV-infected anal cancer cases among females partly results from lower hIV prevalence among uS women compared with men (0.2% vs 0.5%) (22) . the sex differences in incidence rates may be explained by differences in exposure to anal hPV infection. In 2009, 35% of uS women aged 50-59 years, but only 10% of men, reported ever engaging in receptive anal sex (29) . Further, anal hPV prevalence appears to be higher in women, approaching the prevalence observed in mSm (30, 31) . the cause of the increasing anal cancer incidence among women over time is unclear but may be due to an increase in the number of sexual partners or in the practice of receptive anal intercourse (4) . Further, this increase is consistent with rising trends in other hPV-related cancers, including oropharyngeal cancer, vulvar cancer, and cervical adenocarcinoma, perhaps reflecting an increasing prevalence of infection with oncogenic hPV types (32) (33) (34) .
Among males, blacks with anal cancer had more than double the prevalence of hIV infection compared with whites, likely reflecting the higher prevalence of hIV infection in black men compared with white men in the united States (1.7% vs 0.3%) (22) . the proportion of anal cancer cases in hIV-infected males was far greater for squamous cell carcinomas than for adenocarcinomas (31.3% vs 2.7%), which may be because of the difference in hPV prevalence reported in anal squamous cell carcinomas (78%) and adenocarcinomas (43%) (35) .
two cancer prevention strategies have been suggested for reducing the burden of anal cancer: hPV vaccination and anal Papanicolaou (Pap) testing. Widespread vaccination against hPV 16 and -18 will reduce the burden of hPV-associated cancers, including anal cancer. the available bivalent and quadrivalent hPV vaccines are highly efficacious in preventing anal hPV infection and anal cancer precursor lesions due to hPV 16 and -18 (36, 37) . the uS Advisory Committee on Immunization Practices has recommended hPV vaccination for adolescent and young women since 2007 (38) and recently endorsed vaccination of boys aged 11-12 years (39). however, vaccine uptake remains low, and because most anal cancers in the general population occur among those aged 60 years or older, any benefits of hPV vaccination on anal cancer rates will not be observed for decades (40) . Among hIV-infected individuals, who develop anal cancer at a younger age (41) , the hPV vaccine is safe and highly immunogenic, but efficacy studies are still needed (42) .
Based on the success of the Pap test for cervical cancer screening, use of a similar Pap test for detection of anal cancer precursors could potentially reduce anal cancer incidence. Anal cancer screening may be cost-effective in hIV-infected and hIV-uninfected mSm (43, 44) , and New york State guidelines recommend anal Pap testing for certain hIV-infected individuals (45) . however, anal Pap testing has not been shown to reduce anal cancer incidence or mortality (46) , and a recent study concluded that more information is needed about the natural history of anal cancer and the progression rates of high-grade anal intraepithelial lesions before anal cancer screening in high-risk groups should be implemented (28) .
the main strength of our study was the availability of population-based data on anal cancer and AIDS diagnoses from 17 regions of the united States over the entire course of the hIV epidemic. the size of our study allowed us to assess incidence trends despite the rarity of anal cancer. * Annual percent changes in anal cancer incidence rates were estimated using Joinpoint software. CI = confidence interval. † Results are not presented for those aged 0-19 years because there were too few anal cancer cases (n = 8) in this age group to assess trends over time. However, this age group is included in the total and race-specific incidence rates. Results are presented stratified by race for males only, because HIV-infected anal cancer cases had little impact on anal cancer incidence rates in females.
this study had a few limitations. the main weakness of our study was the lack of complete data on anal cancer cases with hIV-only. however, we addressed this issue by upweighting prevalent anal cancers in people with AIDS to represent cancers in people with hIV-only. these upweighted results were quite similar to results based on more limited prospective data following hIV diagnosis. We also note that the hACm Study includes uS areas with higher-than-average hIV prevalence; so the proportion of anal cancer cases with hIV infection may be higher that of the entire country. Finally, 21% of hIV-infected people in the united States are undiagnosed and are not captured in hIV/AIDS registries, which would lead to an underestimate of the proportion of hIV-infected anal cancer cases (47) .
In conclusion, a large proportion of uS males with anal cancer in recent years, particularly younger and black males, were hIV-infected. measures that would effectively prevent anal cancer in hIV-infected males could markedly reduce anal cancer rates at the population level. In contrast, very few females with anal cancer were hIV-infected, and more research is needed to understand causes of rising anal cancer incidence in females. 
